Introduction
============

Melanoma of the uveal tract is the most common primary intraocular tumor in adults. Despite advances in the treatment of primary tumor, there are currently no successful treatment options for metastatic tumor. Uveal melanoma has the high ability of invasion and metastasis.[@b1-ott-10-3429],[@b2-ott-10-3429] The most common location of initial metastatic site is liver, followed by lung and soft tissues.[@b3-ott-10-3429] The prognosis for metastatic uveal melanoma is poor with a 1-year overall mortality of 80%--87%, further increasing to 92% at 2 years.[@b4-ott-10-3429]

*p53* gene is considered to be the most frequently and commonly altered gene, which shows mutations in various tumors. Therefore, considering p53 as the bookmaker is of important clinical significance of the tumors.[@b5-ott-10-3429] Earlier, various authors and researchers first identified the *p53* gene, as a kind of cancer protein antigen, then as a cancer gene, and finally as a tumor suppressor gene. Further elaborative research and clinical trials concluded that the mutation of *p53* gene could result in tumorigenesis or cell transformation. The mutant protein of p53 can be considered as a uveal melanoma promoter. In addition, the wild-type *p53* gene is a kind of tumor suppressor gene; hence, mutation of *p53* gene will induce tumorigenesis.[@b6-ott-10-3429]

Various authors concluded that the expression of p53 protein in breast cancer and oral squamous cell carcinoma is closely correlated with the prognosis of patients.[@b7-ott-10-3429] Usually, tumors of highly malignant potential and poor prognosis show higher expression of p53 protein. Therefore, the expression of p53 protein can be considered as the biomarker of the prognosis of the breast cancer and the oral squamous cell carcinoma.[@b8-ott-10-3429]

The aim of this research was to evaluate the effects of the expression of p53 protein in uveal melanoma on the prognosis after the local excision. Studies have found that p53 mutant protein is highly expressed in the cell lines and tissues of uveal melanoma. Therefore, gene silencing technique could be used to inhibit the expression of p53 protein and to identify the effect of p53 protein on the invasion ability of uveal melanoma. In addition, the study aimed to evaluate the effect of the expression of p53 protein on operation prognosis.

Materials and methods
=====================

All the research materials, including the laboratory parameters used in the study, were the uveal melanoma cells (C918 and MUM-2B) and normal human uveal melanoma cell (D78; Chinese Academy of Sciences Cell Bank, Shanghai, China); Dulbecco's Modified Eagle's Medium (DMEM) culture (Invitrogen, Waltham, MA, USA); fetal bovine serum (FBS; HyClone Laboratories, Logan, UT, USA); Lipofectamine 2000, primer, and miR-655 mimics (Invitrogen, Carlsbad, CA, USA); real-time polymerase chain reaction kits (Ambion, Austin, TX, USA); p53, glyceraldehyde-3-phosphate dehydrogenase (GAPDH) primary antibody, horseradish peroxidase (HRP)-conjugated secondary antibody 1QAZ (Proteintech Group, Inc, Wuhan, China); transwell chambers (Corning Inc., Corning, NY, USA); immunohistochemical staining kit SP-9001 (Beijing Zhongshan Golden Bridge Biotechnology Co., Ltd., Beijing, China); and primers and small interfering RNAs (siRNAs; Shanghai GenePharma, Shanghai, China). Before starting the study, an ethical approval was obtained from the Dalian Ethics committees and Institutional Review Board, and written informed patient consent regarding the study was also collected from all the subjects. The study was registered under a trial number of DU/CTN/2014/87965.

Eighty-eight local excised tissues of uveal melanoma patients and 20 local tissues of the corresponding normal sides of the cancer were also included in the clinical research. The samples of uveal melanoma tissues were confirmed as uveal melanoma by histopathological examination.

Cell culture
------------

C918, MUM-2B, and D78 cells were cultured by DMEM culture (including 10% FBS) at 37°C in the culture box with 5% CO~2~. The culture medium was changed after 48 hours. The subculture was digested when the degree of fusion had reached 80%.

RNA extraction and detection of the expression of p53 messenger RNA (mRNA) in cells
-----------------------------------------------------------------------------------

One microgram of total RNA was collected from every group to conduct reverse transcription according to the instructions given by the manufacturer on the kits. p53 primer was added and the expression of p53 mRNA was detected by quantitative polymerase chain reaction (PCR). GAPDH was selected as internal parameter. p53 primer and GAPDH primer sequences are shown in [Table 1](#t1-ott-10-3429){ref-type="table"}. The PCR conditions were as follows: initial denaturation at 94°C for 5 minutes, followed by 30 cycles for amplification (94°C for 30 seconds, 56°C for 30 seconds, and 72°C for 1.5 minutes) and 72°C for 5 minutes ([Figure 1](#f1-ott-10-3429){ref-type="fig"}).

Detection of the expression of p53 protein in cells by Western blot
-------------------------------------------------------------------

MUM-2B, C918, and D78 cells were cultured separately with cell lysis buffer. Total protein was extracted as per the instructions mentioned on the kits. Bicinchoninic acid was used to detect the protein concentration. Proteins were separated via 12% sodium dodecyl sulfate-polyacrylamide gel electrophoresis and then transferred to polyvinylidene difluoride membrane. After antibody incubation steps, a band intensity was detected via chemiluminescence, imaged, and quantified. After sealing with 5% bovine serum albumin, p53 and GAPDH antibody were diluted to 5 μg/mL and 1/10,000, respectively, and added into the cell culture medium, which was incubated for overnight at 4°C, and then for 2 hours by HRP as the secondary antibody. Enhanced chemiluminescence was used to develop images in darkroom. Afterward, the images were scanned and the records were maintained by taking the photographs ([Figure 2](#f2-ott-10-3429){ref-type="fig"}).

Detection of the expression of p53 protein in pathological tissues by immunohistochemistry
------------------------------------------------------------------------------------------

All tissue samples were routinely fixed in 10% neutral formalin and embedded in paraffin. Sections of 4 μm were cut from one representative block of each case and collected onto glass slides. The slides were deparaffined, rehydrated in graded alcohols, and submitted to heat-induced antigen retrieval with citrate 10 mM, pH 6.0 in a pressure cooker (Pascal; Dako, Carpentaria, CA, USA) for p53. Endogenous peroxidase activity block was performed with 8% hydrogen peroxide in methanol.

Primary antibodies were diluted in phosphate-buffered saline and incubated for 18 hours at 4°C (anti-p53). Primary antibodies used for immunohistochemical evaluation included an antihuman polyclonal p53 antibody (1:500, clone CM1; Beijing Zhongshan Golden Bridge Biotechnology Co., Ltd.). The secondary antibody complex used was the EnVision kit (Dako). Diaminobenzidine was used as a chromogen. Slides were counterstained with Mayer's hematoxylin, washed in running water for 5 minutes, dehydrated, and mounted in a synthetic medium. Then the positive controls and negative controls were standardized ([Figure 3](#f3-ott-10-3429){ref-type="fig"}). According to the following grading standard, positive cell staining number was classified (no staining or \<5% as 0 point, \<40% staining as 1 point, \>40% as 2 points, \>60% as 3 points) into two groups: low p53 expression group (≤1 point) and high p53 expression group (≥2 points). Grading results were statistically analyzed.

Cell-transinfected p53 siRNA
----------------------------

Transinfection experiment included three groups: control group, negative control (NC) siRNA group, and p53 siRNA group. For MUM-2B, C918, and D78 cells at the logarithmic growth phase, pancreation was used to digest the cells and prepare unicellular suspension. Six-well culture plates were used to incubate the cells. After adherence, 2 μg siRNA was transinfected in every well. Transinfection was carried out according to the instructions mentioned on the Lipofectamine 2000 kit. For transfection of one well in the six-well plate, 500 μL Opti-MEM I reduced serum medium was prepared containing 2.5 μg of enhanced GFP mRNA and the respective amount of Lipofectamine 2000. The components were gently mixed by pipetting. The transfection mixture was then incubated at room temperature for 20 minutes to generate lipoplexes for transfection. Cells were washed with 500 μL Dulbecco's phosphate-buffered saline per well, and the transfection mixture was pipetted into the well. After 4 hours of incubation at 37°C and 5% CO~2~, the transfection mixture was replaced by 1 mL complete cell culture medium. Cells were cultivated for 24 hours in the cell incubator and analyzed using flow cytometry.

Effect of p53 siRNAon p53 protein expression and the invasion ability of cells
------------------------------------------------------------------------------

After 48 hours of transinfection, the expressions of p53 protein in cells of three groups were detected as described earlier.

In this section, the transwell chambers were included, and the data were analyzed in all the three groups: control group, NC siRNA group, and p53 siRNA group. Operations and preparations were conducted according to the given instructions. About 100 μL of unicellular suspension with the concentration of 4×10^5^/mL and 100 μL of serum-free culture medium were evenly added to the upper compartment, whereas 500 μL of culture medium with 30% FBS was added to the lower compartment. Nonmigrated cells were removed from the upper side of the filters using cotton swabs, whereas migrated cells in the lower face of the filters were fixed with 4% paraformaldehyde and stained with 0.1% crystal violet. For invasion assay, transwell inserts were coated with metrigel. Images of five random ×10 fields were captured from each well and counted under a light microscope ([Figure 4](#f4-ott-10-3429){ref-type="fig"}).

Correlation between the expression of p53 in uveal melanoma and the prognosis
-----------------------------------------------------------------------------

All patients were divided into two groups: the low p53 expression group and the high p53 expression group, which were further correlated. Both the groups had matched age, gender, smoking history, family history, and other factors. The effect of p53 protein expression on the prognosis of uveal melanoma patients was analyzed according to the follow-up results.

Statistical analysis
--------------------

The collected research data were expressed as mean ± standard deviation. SPSS version 17.0 software (SPSS Inc., Chicago, IL, USA) was used for single-factor analysis of variance. Clinical prognosis data were analyzed by Kaplan--Meier survival analysis method. *P*-value \<0.05 was considered as statistically significant.

Results
=======

Expression of p53 mRNA in D78, C918, and MUM-2B cells
-----------------------------------------------------

p53 mRNA showed higher expression in C918 and MUM-2B cells. Comparison of the expression of p53 mRNA among D78 control, C918, and MUM-2B groups revealed statistically significant differences with a *P*-value of \<0.01.

Expression of p53 protein in MUM-2B, C918, and D78 cells
--------------------------------------------------------

Western blot detection results showed that the expression rate of p53 protein in C918 and MUM-2B cells was relatively high compared with D78 control group. Comparison of the expression of p53 protein among D78 control, C918, and MUM-2B groups revealed significant differences with a *P*-value of \<0.01.

Expression of p53 protein in the tissues of uveal melanoma
----------------------------------------------------------

Immunohistochemisty results revealed that p53 was a nuclear protein. Therefore, the positivist was shown as yellow cell-stained nucleus. Among the tissues of 88 patients, 62 patients showed a positive expression of p53 (77.27%) ([Table 2](#t2-ott-10-3429){ref-type="table"}).

Effect of p53 siRNA on the invasion ability of cells
----------------------------------------------------

The results revealed that after transinfection of C918 cells by siRNA, the number of cells that passed through between the NC siRNA group and the control group revealed no statistical significance. However, when the number of cells that passed through between the p53 siRNA group and the control group was compared, the results revealed a statistically significant *P*-value of \<0.01. MUM-2B and C918 groups revealed the consistent results, suggesting that p53 siRNA effectively inhibited the invasion ability of C918 and MUM-2B cells.

Correlation between the expression of p53 in uveal melanoma and the prognosis
-----------------------------------------------------------------------------

All the 88 patients of uveal melanoma were followed up. Among them, 44 patients survived and 44 died. Out of the 88 patients of uveal melanoma, 31 cases revealed low expression of p53 protein, which included 11 death cases, and 57 cases of high expression of p53 protein, which included 33 death cases ([Table 3](#t3-ott-10-3429){ref-type="table"}). Kaplan--Meier single-factor analysis showed that different expressions of p53 were of great significance for patient prognosis with a significant *P*-value of \<0.05 ([Table 4](#t4-ott-10-3429){ref-type="table"}).

Discussion
==========

Uveal melanoma has a high incidence rate and is the second most common primary malignant melanoma.[@b8-ott-10-3429] Because of the high invasion ability of uveal melanoma, most patients have already suffered from the metastasis, when they were diagnosed.[@b9-ott-10-3429]--[@b11-ott-10-3429] The pathogenesis of uveal melanoma is very complex and still needs further research evidence.[@b12-ott-10-3429]--[@b13-ott-10-3429] The exact pathogenesis of uveal melanoma is still in the infancy stage of the research. Nonmutant *p53* gene is also called wild-type *p53* gene, which has two functions: one is to regulate the cell cycle and cellular division, and the other is to promote the cell apoptosis.[@b12-ott-10-3429],[@b13-ott-10-3429]--[@b17-ott-10-3429] The content of wild-type p53 protein is low in normal cells with short half-life. It cannot be detected by immunohistochemistry and by other conventional methods. However, the short half-life of mutant p53 protein is relatively long and highly expressed, and is also easy to be detected.[@b18-ott-10-3429],[@b19-ott-10-3429]

Studies have found that breast cancer patients who showed high expression of p53 protein are usually accompanied with high degree of malignancy and relatively bad operational prognosis.[@b20-ott-10-3429]

The results of the present research have shown that *p53* gene was highly expressed in C918 and MUM-2B cells at mRNA and protein levels. In addition, 77.27% of the uveal melanoma tissues showed higher expression of *p53* gene. To further analyze the effect of p53 protein in uveal melanoma, gene silencing technique was used to inhibit the expression of p53 protein in uveal melanoma cells. It has been found that after the inhibition of p53 protein, the invasion ability of uveal melanoma cell was also inhibited. Research and correlation analysis of survival prognosis have found that the high expression of p53 and the prognosis of uveal melanoma were negatively correlated.

Out of the 88 patients of uveal melanoma, 31 cases revealed low expression of p53 protein, which included 11 death cases, and 57 cases revealed high expression of p53 protein, which included 33 death cases. Statistical analysis showed that higher expression of p53 protein and the prognosis of uveal melanoma were negatively correlated. Patients with high expression of p53 showed worse prognosis. Therefore, p53 protein can serve as a new biomarker for the diagnosis and prediction of the prognosis of uveal melanoma patients after surgery. The study has a very strong methodology section with newer and modern techniques for the evaluation of *p53* gene expression and found that subsequent results have strong clinical correlation.

Limitation
==========

The sample size could be larger, and a long-term longitudinal study should be conducted to prove the results more accurately.
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![Expressions of p53 mRNA in (**A**) MUM-2B, C918, and (**B**) D78 cells as detected by RT-PCR.\
**Abbreviations:** mRNA, messenger RNA; RT-PCR, real-time polymerase chain reaction.](ott-10-3429Fig1){#f1-ott-10-3429}

![Expression of p53 protein in MUM-2B, C918, and D78 cells as detected by Western blot.](ott-10-3429Fig2){#f2-ott-10-3429}

![Expression of p53 protein in pathological tissues as detected by immunohistochemistry method (400×).](ott-10-3429Fig3){#f3-ott-10-3429}

![The cell invasion ability was measured by a transwell assay at 48 hours after p53 overexpression in cells.\
**Note:** Magnification ×200.](ott-10-3429Fig4){#f4-ott-10-3429}

###### 

RT-PCR primer sequence and silence sequence

  Gene                                                          Sequence
  ------------------------------------------------------------- ---------------------------------------------------------
  *p53*                                                         Forward primer: 5′-TGCGTGTGGAGTATTTGGATG-3′
  Reverse primer: 5′-TGGTACAGTCAGAGCCAACCTC-3′                  
  *GAPDH*                                                       Forward primer: 5′-ATGGCACCGTCAAGGCTGAG-3′
  Reverse primer: 5′-GCAGTGATGGCATGGACTGT-3′                    
  *p53 siRNA*                                                   Sense sequence: 5′-CUACUUCCUGAAAACAACGdTdT-3′
  Antisense sequence: 5′-CGUUGUUUUCAGGAAGUAG \[dT\] \[dT\]-3′   
  *NC siRNA*                                                    Sense sequence: 5′-ACUACUGAGUGACAGUAGA \[dT\] \[dT\]-3′
  Antisense sequence: 5′-UCUACUGUCACUCAGUAGU \[dT\] \[dT\]-3′   

**Abbreviations:** RT-PCR, real-time polymerase chain reaction; siRNA, small interfering RNA; NC, negative control.

###### 

Expression of p53 protein in normal tissues and uveal melanoma tissues

  Group                    Case number   Positive   Negative   Positive expression rate (%)
  ------------------------ ------------- ---------- ---------- ------------------------------
  Uveal melanoma tissues   88            68         20         77.27
  Normal tissues           20            12         8          60

###### 

Basic information of follow-up patients

  p53               Case number   Death case number   Case number (survival)   \%
  ----------------- ------------- ------------------- ------------------------ -------
  Low expression    31            11                  20                       83.33
  High expression   57            33                  24                       51.06
  Total             88            44                  44                       57.35

###### 

Comparison between p53 expression and the operational prognosis

                                   Chi-square   *df*   *P*-value[\*](#tfn2-ott-10-3429){ref-type="table-fn"}
  -------------------------------- ------------ ------ -------------------------------------------------------
  Log rank (Mantel--Cox)           4.006        1      0.0453
  Breslow (generalized Wilcoxon)   5.789        1      0.0161

**Note:**

*P*\<0.05 is considered statistically significance.
